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Abstract : Particle induced X-ray Emission (PIXE) technique is well suited for analysis 
of natural water due to its imikiclemental capability (Na to U) and uniform sensitivity The high 
absolute sensitivity of PIXE, makes it possible to perform analysis of very small size samples 
[1] Proton beams of 2-4 MeV obtained from the low energy tandem pelletron accelerator ai 
Institute of Physics arc used for the trace element analysis ot water. Experimental facility and 
sample preparation laboratory have been established foi PIXE analysis of environmental 
samples PIXE method in combination with pieconcentration technique, very low detection 
limits have been obtained for trace element analysis of hot spring water Sample collection, 
preparation, irradiation, experimental setup and spectrum evaluation are discussed
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P I X E ,  th e  te c h n iq u e  u sed  is a v a r ia n t  o f  th e  b ro a d  fa m i ly  o f  X - r a y  e m is s io n  te c h n iq u e s . 
H e a v y  c h a rg e d  p a r t ic le s  ( ty p ic a l ly  2 - 4  M e V  o f  p ro to n )  a re  used to  p ro d u c e  the  c h a ra c te ris tic  
X -r a y s  f ro m  th e  a n a ly te  e le m e n ts  in  th e  s a m p le . T h e  c o m b in a tio n  o f  P I X E  w ith  R u th e r fo rd  
B a c k  S c a tte r in g  ( R B S )  an d  P ro to n  In d u c e d  G a m m a  E m is s io n  ( P IG E )  sp e c tro s c o p y , in  o rd e r  
to  e x te n d  a n a ly t ic a l  c a p a b i l i t ie s  to  a lm o s t  th e  w h o le  p e r io d ic  ta b le  has b e e n  a lre a d y  
a n a ly s e d  [ 2 ] .  U s u a l ly ,  in  su ch  a p p lic a t io n  R B S  an d  P IG E  a re  used fo r  d e te c tio n  o f  lig h t  
e le m e n ts , w h i le  P I X E  is used  fo r  th e  d e te rm in a t io n  o t  h e a v ie r  e le m e n ts  ( Z >  1 5 ).
N a tu r a l  w a te r  in  its  d i f fe r e n t  fo rm s  h a v e  b een  in te re s tin g  m a te r ia ls  o f  s tu d y  fo r  trace  
e le m e n t  a n a ly s is  in  re la t io n  to  p o llu t io n  an d  e n v iro n m e n ta l h a za rd s . A t r i  an d  T a p ta p a n i a re  
th e  tw o  n a tu ra l h o t  s p rin g s  o f  O r is s a  lo c a te d  a b o u t 4 0  k m s  an d  2 0 0  k m s  re s p e c t iv e ly  f ro m  
B h u b a n e s w a r . W a t e r  s a m p le s  c o lle c te d  f r o m  th ese  n a tu ra l sources  a re  a n a ly s e d  to  s tu d y  
th e ir  e le m e n ta l c o n c e n tra tio n s . T h e  lo w  le v e l m e ta l c o n c e n tra tio n s  in  w a te r  s a m p le s  m a k e s  
th e  s a m p le  p re p a ra t io n  te c h n iq u e  a  c h a lle n g in g  jo b  fo r  P I X E  a n a ly s is . S u ita b le  p re c ip ita t io n
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te c h n iq u e s  an d  c o p re c ip ita t io n  p ro c e d u re s  h a v e  been a d o p te d  lo r  best p o s s ib le  a n a ly t ic a l  
resu lts .
P re c ip ita t io n  as a s a m p le  p re p a ra tio n  te c h n iq u e  is s h o w n  to  be s im p le , r e la t iv e ly  
ra p id  an d  a c c u ra te  lo r  trace  e le m e n t p re c o n c e n tra tio n  fro m  n a tu ra l w a te r  [3 ] .  C o n s id e r in g  
th e  lo w  m e ta l le v e ls  in  n a tu ra l w a te rs , p re c o n c e n tra tio n  m e th o d  has been used fo r  th e  w a te r  
s a m p le  p re p a ra t io n  fo r  c o p rc c ip ita t io n  o l d is s o lv e d  m e ta ls  as c a rb a m a te s . T h e  g lass w a re s  
an d  a ll ie d  a p p a ra tu s  used a re  a ll b o ro s ilic a te  g lass. In i t ia l ly  a p p a ra tu s  a re  w a s h e d  u s in g  a 
m ix tu re  o f  h y d ro c h lo r ic  a c id  and  n itr ic  a c id  and  th ey  are  f in a l ly  r in s e d  w ith  th e  u ltra  p u re  
( M i l l ip o r e )  w a te r  o f  re s is t iv ity  17 M O h m /c m . T h e  sa tu ra ted  s o d iu m  d ie th y ld ith io c a rb a m a te  
( N a D D T C )  s o lu tio n  is p re p a re d  fre s h ly  b e fo re  each  e x p e r im e n t. 1 0 0  m l o f  w a te r  s a m p le  has  
been  ta k e n  fo r  c o p re c ip ita t io n  o f  d is s o lv e d  m e ta ls  in the  s a m p le . 100  p g  o f  p a l la d iu m  (P d )  
is a d d e d  in to  th e  w a te r  as c o p re c ip ita n t  an d  in te rn a l s tan d ard . T h e  p H  is in c re a s e d  to  9  b y  
a d d in g  a m m o n ia  ( N H 3) a n d l m l o f  N a D D T C  s o lu tio n  is a d d e d  to  p re c ip ita te  th e  p re s e n c e  
o f  e le m e n ts  in  th e  w a te r  s a m p le  as c a rb a m a te s . P a l la d iu m  d ie th y ld ith io c a rb a m a te  is a lso  
fo rm e d  in th e  in te rm e d ia te  re a c tio n , w h ic h  is a q u ite  s tab le  c o m p le x  in  the  w a te r  an d  acts  
l ik e  a g o o d  c o p re c ip ita t in g  a g e n t |4 ) .  T h e  p re c ip ita te  thus fo rm e d  is f il te re d  and  tra n s fe rre d  
on th e  N u c le p o r e  p o ly c a rb o n a te  m e m b ra n e  f i l t e r  (p o re  s i/.e  0 .2  p m  d ia m e te r ) .  T h e  
N u c le p o re  f i l t e r  an d  th e  s a m p le  la y e r  on the f i l te r  m e m b ra n e  fo rm  a th in  ta rg e t. F i lt ra t io n  
e f f ic ie n c y  o f  f i l te r  is e v a lu a te d  w ith  a d o u b le  f il tra t io n  te c h n iq u e . T h is  g iv e s  9 9 9 f  e f f ic ie n c y  
fo r  th e  m e ta l u n d e r  c o n s id e ra t io n . A  N I S T  re fe re n c e  w a te r  ( S R M  1 6 4 3 )  is a ls o  p re p a re d  
w ith  the  sam e p ro c e d u re .
P I X E  m e a s u re m e n ts  h a v e  been  c a rr ie d  o u t at th e  3 M V  p e lle t r o n  a c c e le ra to r  
(F ig u re  1) at In s titu te  o f  P h y s ic s  u s ing  the e q u ip m e n t and  m e a s u re m e n t c o n d it io n  p re v io u s ly
SNICS Accelerator Tank
Figure 1. Schematic diagram of the accelerator
d e s c rib e d  w ith  d e ta ils  [5]. A  c e s iu m  sp u tte red  n e g a tiv e  ion so u rce  ( S N IC S )  is b e in g  used to  
g e t the  3  M e V  p ro to n  b e a m . S in g ly  c h a rg e d  (H ~ )  n e g a tiv e  io ns fro m  a  T i H 2 c a th o d e  at 2  to  
4  K V  a re  p rc a c c e le ra te d  at 6 7 .5  K V  an d  th en  le d  to  th e  m a in  a c c e le ra t in g  ta n k  b y  an  
in je c to r  m a g n e t. T h e  a c c e le ra te d  io n s  a re  s tr ip p e d  a t th e  m id te r m in a l th ro u g h  a  c h a rg e  
e x c h a n g e  p ro cess  w ith  a N 2 gas s tr ip p e r  sys tem . A f t e r  e m e rg in g  fro m  th e  a c c e le ra t in g  ta n k
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the  io n  b e a m  is e n c rg y /m o m e n tu m  a n a ly s e d  b y  a 9 0 °  a n a ly s in g  b e n d in g  m a g n e t an d  then  
d ire c te d  to  th e  s e a t tc r in g /P lX E  c h a m b e r k e p t in  v a c u u m  (~  1 0 "6 T o r r )  th ro u g h  a s w itc h in g  
m a g n e t.
S a m p le  ta rg e ts  a rc  m o u n te d  in  a ta rg e t la d d e r . T h e n  the  ta rg e t la d d e r  is lo a d e d  in to  
the P I X E  c h a m b e r  an d  th e  ir ra d ia t io n  is c a rr ie d  o u t in  th e  v a c u u m  c o n d it io n s . T h e  s a m p le  
ta rg e ts  a re  k e p t in  P I X E  c h a m b e r  a t 4 5 °  to  th e  b e a m  and  seen by the S i ( L i )  d e te c to r  a t 9 0 °  
to th e  b e a m . T h e  ta rg e ts  a re  e x p o s e d  to  a 3 M e V  p ro to n  b e a m  and b e a m  c u rre n t is in  the  
ran g e  to  3 0 - 4 0  n A . T h e  c h a ra c te r is t ic  X - r a y s  fro m  the s a m p le  are c o lle c te d  by  the en erg v  
d is p e rs iv e  d e te c to r  S i ( L i )  w h ic h  is h a v in g  an e n e rg y  re s o lu tio n  o f  165  e V  at 5 .9  k e V .  
S p e c tru m  is re c o rd e d  b y  u s in g  a C a n b e rra  sen es  88  m u lt ip a ra m e te r  a n a ly s e r . P IX E  sp ectra  
o f  A t r i  an d  T a p ta p a n i h o t s p rin g  w a te r  sa m p le s  are  sh o w n  in  F ig u re s  2  and  3 . S p e c tra l d a ta  
is tra n s fe rre d  to  a c o m p u te r  w h e re  the a n a ly s is  is d o n e  fu rth e r .
T h e  s p e c tru m  o b ta in e d  f r o m  e a c h  s a m p le  is a n a ly s e d  a f te r  s u b tra c t in g  th e  
a p p ro p r ia te  b a c k g ro u n d  c o n tr ib u t io n  f r o m  m e a s u re m e n ts  o f  b la n k  ta rg e t. T h e  n u m b e r  o f  
c h a ra c te r is t ic s  X - r a y  o f  e le m e n t in  a th in  ta rg e t is p ro p o rtio n a l to  th e  o r ig in a l c o n c e n tra tio n  
in  th e  s a m p le . X - r a y  in te n s it ie s  a re  c a lc u la te d  u s in g  th e  A X I L  p ro g r a m  (s u p p lie d  b y  
In te rn a t io n a l A to m ic  E n e rg y  A g e n c y )  b y  th e  le a s t s q u a re  f i t t in g  m e th o d . T h e  e le m e n ta l  
c o n c e n tra tio n s  a re  c a lc u la te d  as
C x = (K J K X)(!X /1S)CS
w h e re  K , /  a n d  C  a re  p r o p o r t io n a l i ty  c o n s ta n t, X - r a y  in te n s ity  a n d  c o n c e n tra t io n . T h e  
s y m b o ls  x  a n d  s  r e fe r  f o r  e le m e n t  a n d  in te rn a l s ta n d a rd , re s p e c t iv e ly . T h e  p a ra m e te r  
(K s l K J  f o r  e a c h  e le m e n t  u n d e r  o b s e rv a tio n  is o b ta in e d  b y  c a lib ra t io n  m a d e  u n d e r the  sam e  
e x p e r im e n ta l c o n d it io n s  (F ig u r e  4 ) .
In  th e  p r e c ip i t a t io n  p ro c e d u re  u s e d  f o r  w a te r  s a m p le  a n a ly s is , c o n ta m in a t io n  
c o n tr ib u te d  d u e  to  im p u r i t ie s  in  th e  u s e d  c h e m ic a l re a g e n ts  has b e e n  m e a s u re d  u s in g  a
70A (2)-8
b la n k  ta rg e t. I t  is fo u n d  that c o n ta m in a tio n  in tro d u c e d  by the  reag en ts  is in  s m a ll 
con cen tra tio n . T h e  e lem en ta l concentration  leve ls  o f  w a te r sam ples fro m  A tr i and T ap ta p a n i
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Figure 3. FIXE spectrum of Taptapani watci
Atom ic nu m b er ------- ►
Figure 4. The vanation of calibration factor with atomic number of the element
h o tsp rin g s  are g iv e n  in the T a b le  1. I t  is observed  that the c o n c e n tra tio n  le v e ls  o f  S, 
C a  and Fe are h ig h er jn  A tr i w a te r sam ple than the T a p tap an i w ater. L e v e ls  o f  e lem ents  lik e  
C r, N i  and C u  are fo u n d  to be ve ry  lo w  in both cases. D r in k in g  w a te r standards [6 ] as p er  
W o r ld  H e a lth  O rg a n is a tio n  ( W H O )  are  a lso presented in  the above  tab le . T h e  e le m e n ta l 
a n a ly s is  o f  w a te r  sam p les  fro m  A tr i  and T a p ta p a n i n a tu ra l h o t sp rin g s  u s in g  P IX E
tech n iq u e  show s that the concentra tion  leve ls  o f  m etals  are b e lo w  the m a x im u m  perm iss ib le  
lim its  o f  W H O .
A PIXE technique is shown as capable o f  detecting low concentrations o f
metals in natural waters, PIXE is a promising analytical tool and its availability at
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In s t i tu te  o f  P h y s ic s  o p e n s  th e  a v e n u e s  f o r  a  v a r ie ty  o f  e n v ir o n m e n ta l a n a ly s is  in  n ea i 
fu tu re .
Tabic 1. Elemental concentrations (gg/l) in drinking water samples horn 
different locations and WHO standards
Element Atri Taptapani WHO standaids 
Permissive Excessive
K 1 Ox 103 2.3 x 103 10 x io3 12 x I0 '
Ca 47 6 x I03 16.6 x I03 75 x I03 200 x !(>'
Cr 2 l 1.6 50 -
Mn 10 4 44 7 50 500
Fe 185 2 127 6 300 KMX)
Ni 20 2 149 -
Co 94 - -
Cu 89 1 25 0 KHX) 15(H)
Zn 75.5 62 7 50(H) 15 > !()'
As 4 4 6 1 50 -
Pb 1 4 3 l so _
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